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Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive respiratory condition characterized by chronic airflow obstruction that is not fully reversible. 1 Sleep quality is often poor in patients with COPD, and patients frequently report difficulty in falling asleep, nocturnal awakening, and insomnia. 2, 3 Epidemiological data suggest that as many as 76% of patients may experience frequent nocturnal awakening.
index, patients with stable mild to moderate COPD appear to be more likely to report insomnia as well as difficulty in initiating and maintaining sleep. 2 Poor sleep quality has been associated with a reduced quality of life in patients with COPD. 5, 6 Despite the apparent prevalence of poor sleep quality and sleep disturbance in patients with COPD, the contribution of COPD-related night-time symptoms has not been widely evaluated. Indeed, there is no formal definition of night-time symptoms in COPD. 4 The potential long-term adverse consequences of sleep deprivation on human health are well documented and may include an increased risk of cardiovascular disease and all-cause mortality as well as depression. [7] [8] [9] As such, nighttime symptoms and the associated sleep disturbance and deprivation have the potential to impact a range of long-term outcomes for patients with COPD. [4] [5] [6] Understanding the impact of COPD symptoms on sleep quality and disturbance should enhance the ability of physicians to manage and relieve the symptoms of the disease and potentially improve long-term outcomes for patients with COPD. The objectives of the current analysis were to evaluate the incidence of COPD-related night-time symptoms as reported by physicians and patients with COPD, and to test the hypothesis that the prevalence and impact of COPD-related night-time symptoms increase with increasing COPD severity. The analysis also sought to evaluate the level of disconnect between physician and patient perceptions of the presence of night-time symptoms, and to compare the characteristics of patients, including their Global initiative for chronic Obstructive Lung Disease (GOLD) grouping, with and without physician-reported night-time symptoms in order to explore the additional burden of night-time symptoms in patients with COPD.
Materials and methods
Data were drawn from the Adelphi Respiratory Disease Specific Programme, 10 a real-life, patient record-based survey of respiratory specialists and primary care physicians in France, Germany, Italy, Spain, and the UK conducted between June and September 2009.
The Respiratory Disease Specific Programme survey adhered to version 6.3 of the European Pharmaceutical Market Research Association (EphMRA) code of conduct governing market research, including the guidance related to collecting written informed consent from all participating patients and the anonymous and aggregated reporting of data. 11 To ensure compliance with data protection laws, all data were deidentified and aggregated prior to receipt by Adelphi Real World.
Data collection
Physicians eligible to participate included respiratory specialists and primary care physicians caring for patients with COPD who were personally responsible for decisions about their treatment. In addition, physicians were required to see at least three patients with COPD each week. Eligible physicians provided information on six consecutive patients with COPD (aged .40 years with a history of smoking and a diagnosis of airflow obstruction). Information was collected via a physician record form. Physician-reported data included patient demographics, most recent forced respiratory volume over one second (FEV 1 ), physician subjective severity assessment of COPD, exacerbation frequency in the last 12 months, and the modified Medical Research Council (mMRC) dyspnea scale score.
1 Additional information included the time of day the patient is most commonly bothered by their COPD overall (daytime only, night-time only, primarily daytime with occasional night-time, primarily night-time with occasional daytime, or both day and night), the time of day of individual COPD symptoms (daytime, night-time, and/or getting up in the morning), the impact of night-time symptoms on sleep (evaluated using a sevenpoint Likert scale [1=no impact, 7=constant impact]), and the frequency of nocturnal awakening due to COPD symptoms (not at all, once or twice a week, once a week, 2-3 nights a week, or $4 nights a week).
Patients for whom a physician record form had been completed were then invited to voluntarily complete a selfreport questionnaire. Patient-reported data included the time of day the patient is bothered by their COPD (daytime only, night-time only, primarily daytime with occasional nighttime, primarily night-time with occasional daytime, or both day and night), the impact of COPD on the patient's ability to get up in the morning and on sleep using a seven-point Likert scale (1=no impact, 7=constant impact), the Jenkins Sleep Questionnaire, 12 the frequency of nocturnal awakening in the last 4 weeks due to COPD symptoms (not at all, once or twice a week, once a week, 2-3 nights a week, or $4 nights a week), the mMRC, and health-related quality of life using the EuroQol 5 dimensions measure (EQ-5D). 13 Patients completed the self-report questionnaire independently and returned it to their physician in a sealed envelope, which was then returned unopened to the study coordinator. All responses were voluntary and anonymous to preserve patient confidentiality. Elements of the questionnaire that 
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night-time symptoms in COPD: a european study did not form part of the validated tools were developed in English and then translated into the relevant language by native speakers. Subsequently, an independent UK translation agency performed a validation before approval.
statistical analyses
Demographic and disease characteristics were compared between groups (those with and without physician-reported night-time symptoms) using t-tests or Wilcoxon signed rank tests. The kappa statistic level of agreement was used to assess the level of disconnect between physician and patient perceptions of the impact of night-time symptoms according to Landis and Koch, as follows: 14 ,0.00 poor; 0.00-0.20 slight; 0.21-0.40 fair; 0.41-0.60 moderate; 0.61-0.80 substantial; 0.81-1.00 almost perfect.
Cohorts were selected on the basis of availability of responses to particular questions. Where a response was not available, the patient was excluded from that particular analysis.
Double-robust estimates 15, 16 of the effect of night-time disturbances on a variety of health-related and resource userelated factors were computed. This method enables efficient adjustment for potential confounding factors. The confounding factors used here were drawn from the physician report form and included age, sex, body mass index (calculated from height and weight), smoking status (current or ex-smoker), physician subjective assessment of COPD severity, presence of depression or anxiety, and physician-reported medication compliance (frequency per day). Compliance was defined as the extent to which patients, as assessed by their physician, followed their prescribing instructions and advice with regard to dosing frequency and inhaler device usage on a five-point Likert scale from "not at all compliant" to "fully compliant". The method involves generating a propensity score based on the confounding factors (predicted values from a logistic regression for night-time disturbances). The inverse of this propensity score is then used in appropriate regressions on a given outcome, which also includes the confounding factors as covariates. The double-robust estimate is calculated from the results of these regressions, and shows how each outcome differs between patients with night-time disturbances and those with no night-time disturbance, having adjusted for confounding factors.
As per the GOLD 2013 strategy document, patients for whom an mMRC score (patient-reported) and either an FEV 1 score or exacerbation history (physician-reported), or both, were available were stratified by GOLD groups A-D. 1 A valid FEV 1 measurement was available for almost 50% of patients permitting full GOLD grouping; for the remaining patients GOLD grouping was by exacerbations only. The proportion of patients with and without night-time symptoms in each GOLD category was determined.
Results
A total of 251 primary care physicians and 251 respiratory specialists provided information on 2,807 patients. Table 1 provides an overview of the demographics and disease characteristics of the patient population. The cohort of patients for whom physician-only data were available tended to be slightly older, had a slightly lower mean FEV 1 , and were slightly more breathless (all as reported by their physician) than the cohort of patients with both physicianreported and patient-reported data ( Table 1) . Data were available to categorize 1,699 patients by GOLD group (a patient-reported mMRC score and either an FEV 1 score or physician-reported exacerbation history). The majority of patients (66.3%) were classified as GOLD group A or B (low-risk).
Incidence of night-time symptoms
Night-time sleep disturbance was reported by 78% of patients (Jenkins Sleep Questionnaire score .1 reported in the last 28 days). Figure 1 illustrates the proportion of patients reporting various types of sleep disturbance in the previous 28 days.
awareness of night-time symptoms by physicians
Agreement between physician-reporting and patientreporting of night-time symptoms was evaluated in the subset of patients who completed a self-report questionnaire (n=1,777). In this subgroup, a similar proportion of patients reported the presence of night-time symptoms whether based on physician's opinion (67.9%) or patient's opinion (68.5%). Figure 2 shows the time of day that COPD symptoms bothered patients, as reported by both the physicians and patients. There were no statistically significant differences between physician and patient reporting of the time of day COPD symptoms bothered patients. Figure 2 Time of day that the patient's COPD symptoms bother them, as reported by physicians and the patients themselves (the analysis set was the cohort for whom both physician-reported and patient-reported data were available). Abbreviation: COPD, chronic obstructive pulmonary disease. experienced more daytime breathlessness and exacerbations in the previous 12 months (both physician-reported), and received more maintenance therapy (physician-reported) compared with patients classified as having daytime only symptoms (Table 2) .
Information was available to categorize a total of 1,699 patients by GOLD group; of these, data on the presence or absence of night-time symptoms were available for 937 (for the remaining patients physician-reported information on the presence of night-time symptoms were not available).
Physicians reported the presence of night-time symptoms in 386/937 patients (41.2%), 192 of whom (50%) were assigned to the low-risk groups (A and B) and 194 (50%) were assigned to one of the two high-risk groups (C and D). experience COPD-related symptoms when getting up in the morning (as reported by their physician) than those whose physician reported that they did not experience night-time symptoms (52.4% versus 19.2%, respectively; P,0.001).
They were also more likely to self-report at least some level of sleep disturbance (Jenkins Sleep Questionnaire) in the previous 28 days compared with those without physician-reported night-time symptoms (91.1% versus 60.5%; P,0.0001).
Patients with physician-reported night-time symptoms had significantly poorer health-related quality of life (as assessed using the EQ-5D) compared with those without physicianreported night-time symptoms (mean scores 0.59 and 0.82, respectively) and significantly higher health care resource utilization (P,0.0001, Table 2 ). Multivariate regression analysis of the association between night-time symptoms and measures of health status and resource use (Table 3 ) demonstrated a significant association (P,0.0001) between night-time symptoms and a variety of health status-related and resource use-related factors when patients with and without physician-reported night-time symptoms were compared. Thus, the presence of night-time symptoms was associated with higher scores on the Jenkins Sleep Questionnaire and mMRC dyspnea scale (coefficients of 3.493 and 0.446, respectively), the presence of symptoms when getting up in the morning (coefficient 0.237), a lower EQ-5D state valuation (coefficient -0.101), and increased health care resource utilization, including number of physician visits (coefficient 2.518) and hospital admissions (coefficient 0.187).
Impact of COPD on lifestyle factors
The difference between physician and patient perception of the impact of COPD was statistically significant for the impact on the patients' ability to get up in the morning (mean scores 3.05 and 3.12, respectively, P=0.018) and for the impact on sleep (mean scores 2.84 and 3.02, respectively, P,0.0001, Figure 3) . The difference in perception of the impact of COPD was of borderline significance for the patient's ability to complete their normal daily activities (mean scores 3.38 and 3.44, respectively, P=0.0535). The level of agreement (kappa statistic) across the lifestyle factors evaluated was regarded as fair to moderate.
Discussion
In this cohort of more than 2,800 patients with COPD, the majority reported some degree of sleep disturbance in the previous 28 days, including trouble falling asleep, waking up during the night, trouble staying asleep, and waking up feeling worn out after a usual amount of sleep.
Physicians reported that their patients experienced a variety of COPD-related symptoms both during the night and on waking in the morning, and that the majority of patients (67.3%) experienced night-time symptoms. When the patient cohort was stratified for the presence of night-time symptoms, those with nocturnal symptoms also experienced more daytime breathlessness and more frequent exacerbations, and used more maintenance products than those without night-time symptoms. Moreover, patients with night-time symptoms appeared to be more likely to experience difficulty in getting up in the morning, disturbed sleep, and poorer quality of life.
There appeared to be a good level of concordance between the frequency of physician-reported and patient-reported night-time symptoms. However, physicians appeared to significantly underestimate the impact of COPD on the ability of patients to get up in the morning and on sleep. A survey of more than 800 patients with COPD in Europe and the US revealed a range of activities that were impacted by the Figure 3 Impact of COPD on lifestyle factors, as assessed by patients and their physicians (the analysis set was the cohort for whom both physician-reported and patientreported data were available).
Note:
a Patients and physicians were asked to rate the impact of COPD on various lifestyle factors on a seven-point likert scale (1=no impact, 7=constant impact). Abbreviation: COPD, chronic obstructive pulmonary disease.
disease in the mornings, including the ability to walk up and down stairs, washing and personal hygiene, and getting dressed. 17 A more directed approach to relieving or improving sleep quality and quantity by addressing night-time symptoms may be of particular benefit to patients in reducing how bothersome the disease is perceived to be. A number of recent studies have highlighted the high symptom burden and significant impact on global quality of life for patients with COPD, a burden which has been estimated to be comparable with that of patients with cancer. 18, 19 The strengths of the study reported here include the large cohort of patients (.2,800) and the collection of data from both the physician's and patient's perspective. A number of the analyses presented here required comparison of both physician-reported and patient-reported data and so were conducted in the subgroup of patients for whom such data were available (n=1,777). A comparison of the baseline demographic and disease characteristics in this subgroup with the cohort of patients having only physician-reported data revealed that patients for whom physician-only data was available tended to be slightly older, had a slightly lower mean FEV 1 , and were slightly more breathless (all as reported by their physician) than the cohort of patients with both physician-reported and patient-reported data. Although these differences reached statistical significance, the absolute differences were small and, in the opinion of the authors, are unlikely to bias the conclusions presented here. Multivariate techniques were also employed to take into consideration a number of confounders (Table 3 ). The study is limited by the collection of data only from patients presenting for care (primary or specialist). As such, this cohort of patients may represent those more bothered by their symptoms at the time of the study. The cross-sectional nature of the data also limits the conclusions that can be drawn from the data presented here to an observed association rather than a causal relationship, particularly given that a number of analyses were conducted in subgroups of patients where both physician-reported and patient-reported data were available. Finally, the data must be viewed with caution given that it was not possible to adjust the data in order to account fully for the contribution of disease severity to the observations reported here.
The results of this retrospective analysis of a large cohort of patients with COPD have demonstrated a high prevalence of sleep disturbance and a high frequency of nocturnal COPD-related symptoms. The prevalence of nighttime symptoms appears to increase with increasing disease severity. However, our study suggests that even patients who meet the criteria for GOLD categories A and B report a considerable amount of night-time symptoms. Patients report a considerable impact of COPD on their ability to get up in the morning and their sleep. These results indicate a need to increase the awareness of the impact of COPD symptoms on sleep and to specifically address the burden of night-time symptoms and early morning symptoms in patients with COPD. Identifying patients with night-time and early morning symptoms would allow physicians to tailor treatment to address this unmet need with the aim of improving patient quality of life and health status.
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